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料科学家们发现在贵金属 Pt 的晶格中掺入过渡系金属 Fe，Co，Ni，Cu 等形成的
合金不仅能有效地降低贵金属 Pt 的使用量，而且由于 Fe，Co，Ni，Cu 的加入改

















形十二面体的 Pt-Co 合金的特征表面活性分别为 1.43 mA/cm2 和 2.68 mA/cm2，
















面体结构的 Pt-Co 合金的质量活性分别为 0.54 mA/mg 和 0.94 mA/mg，分别是商
业 Pt/C(0.17 mA/mg)的 3.9 倍和 5.5 倍。 




组分的 Pt-Co 合金以及商业催化剂铂黑的电催化活性。我们发现，由于 Co 掺入
Pt 晶格，改变了 Pt 电子结构，并且由于其二者的协同作用使得不同组分的 Pt-Co
合金(Pt86Co14，Pt74Co26，Pt69Co31)的特征活性面积活性均比商业催化剂铂黑高。




















Precious metal Pt is a very important catalyst in the industrial field, which widely 
used in fuel cell cathode and anode catalyst and organic small molecule catalytic 
reaction. But the rare source of Pt and poor tolerance of CO poisoning in the catalytic 
reaction process hinder its commercialization applications. So, how to improve the 
efficiency of precious metal Pt and find the relevant substitutes have become a very 
meaningful research topic. Materials scientists have found that the Pt-M alloys (M=Fe, 
Co, Ni, Cu and etc.) not only effectively reduce the amount of precious metal Pt, but 
also exhibit enhanced catalytic activity in many catalytic reactions due to the changing 
of electronic structure of Pt-based alloy nanocrystals (NCs).Therefore, the development 
of highly efficient Pt-based alloy catalysts becomes a very effective method to alleviate 
the energy crisis. 
Because the catalytic properties of Pt-based nanocrystals are closely related to 
their size, composition and surface structure, we can improve the catalytic performance 
of Pt-based bimetallic alloys by regulating these factors. From the aspect of the 
regulation of the surface structure, the nanocrystals with high surface energy provide 
more catalytic active sites due to the high density of lower coordination of atoms, step 
bits, and kink atoms than the nanocrystals with low surface energy. However, the crystal 
tends to form a convex polyhedron with a low surface energy crystal surface during the 
growth process. Thermodynamically, the nanocrystals with a high surface energy are 
far instable than the nanocrystals with low surface energy, which led to the formation 
of concave nanocrystals is very difficult. From the aspect of component regulation, it 
is very difficult to control the synthesis of Pt-based bimetallic alloys with specific 
composition due to the large difference between atomic radius and atomic 
electronegativity of different metal element. In this paper, the work was focused on 
controlling surface structure and composition of Pt-Co bimetallic alloy, the main 
















(1) In the oleylamine and oleic acid system, the Pt-Co bimetallic alloy with the 
highly concave rhombic dodecahedral structure were successfully synthesized by the 
regulation of the amounts of formaldehyde and initio molar ratio of precursors.We have 
learned through a series of experiments and comed to the conclution that formaldehyde 
plays a key role in the formation of highly concave structure. The electrocatalytic 
activity has been investigated on Pt-Co alloy NCs with different morphology and the 
commercial Pt/C as a reference catalyst. The specific surface activities of Pt-Co 
bimetallic alloys with rhombic dodecahedron structure and highly concave rhombic 
dodecahedron structure were 1.43 mA/cm2 and 2.68 mA/cm2, respectively, 7.2 times 
and 13.4 times of commercial Pt/C (0.2 mA/cm2), respectively. The mass activity of Pt-
Co bimetallic alloy with rhombic dodecahedron structure and highly concave rhombic 
dodecahedron structure was 0.54 mA/mg and 0.94 mA/mg, respectively, which were 
3.2 times and 5.5 times of commercial Pt/C (0.17 mA/mg), respectively. 
(2) The Pt-Co bimetallic alloy with truncated octahedral structure was successfully 
synthesized in benzyl alcohol and DMF system. By changing the ratio of precursors Pt 
(acac)2 and CoCl2, the morphology transition from truncated octahedron to octahedron 
and concave octahedron can be achieved. By changing the volume ratio of benzyl 
alcohol and DMF, we obtained truncated octahedral Pt-Co bimetallic alloy with 
different composition. And the electrocatalytic activity of truncated octahedral Pt-Co 
alloy NCs with different composition and commercial Pt black was compared with the 
electrocatalytic oxidation of methanol as the probe reaction. We found that the specific 
surface activities of the truncated octahedral Pt-Co bimetallic alloy with three different 
components (Pt86Co14, Pt74Co26, Pt69Co31), are higher than that of commercial Pt black. 
By comparing the electrocatalytic activity of the truncated octahedral Pt-Co bimetallic 
alloys with different composition (Pt86Co14, Pt74Co26 and Pt69Co31), it was found that 
the higher the composition of Co in the alloy, the better the catalytic activity. 
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式为立方最密堆积(Cubic closest packing, ccp)和六方最密堆积(Hexagonal closest 
packing, hcp) [7]。立方密堆积的原子的层层堆积模式是 ABCABC……，如 Figure 
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(a) 所示。八种贵金属元素中除了 Ru 和 Os 采用的是六方最密堆积(hcp 形式外，
另外六种贵金属元素 Au、Ag、Pd、Pt、Ru、Ir、都采取了立方最密堆积(ccp)形
式。采用立方密堆积(ccp)的六种贵金属元素的晶体点阵类型都属于面心立方 







Figure 1-1. (a) (hcp) hexagonal closest packing; (b) (ccp) cubic closest packing; (c) 
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Figure 1-2. Models of the low-index planes in a face-centered-cubic metal and the 
corresponding numbers of bonds per surface unit cell (NB) that have to be broken in 
creating a pair of new surfaces: (a) (111); (b) (100); and (c) (110). The red dashed box 

























第一章 绪论  












中 Pt 和 Pt 基合金纳米材料是使用最广泛的催化剂[39-47]。Figure 1-3 为燃料电池
阴极和阳极反应以及燃料电池膜电极组件的简易介绍图。 
 
Figure 1-3. Fuel cell components, unit cell cross-section in a fuel cell stack. [39] 
 
§1.2.2.2 在有机催化中的应用   
贵金属纳米材料催化剂除了在燃料电池催化剂中的广泛应用，在有机催化反
应中也有十分重要的应用，尤其是 Pt、Pd、Rh、Ag 作为催化剂应用于许多催化
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示。在工业上炔烃氢化的 Lindlar 催化剂主体成分就是 Pd (5% Pd 负载于 CaCO3
上)，Pd 还是 Suzuki 交叉偶联反应的最好催化剂[53-56]。而在氢甲酰化反应和芳香





Figure 1-4. Catalytic performance of EDA-Pt NWs. (a) Stepwise hydrogenation of 
nitrobenzene and the corresponding energy profiles from DFT calculations (black); (b)  
1H-NMR spectra for nitrobenzene hydrogenation reaction on Pt NWs after 50 min. 
Product (red) and reactant (black); (c) Time-dependent catalysis by the EDA-Pt NWs; 
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